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(57)Abstract 

PROBLEM TO BE SOLVED: To form an insulating film 
which is less affected by troubles such as film stress 
and film reduction induced in a condensation CVD 
method by a method wherein a series of processes 
composed of a modification process which modifies a 
condensed film and a condensed film forming process is 
repeatedly carried out. 

SOLUTION: A semiconductor substrate 113 is kept at a 
low temperature, a vapor intermediate is condensed on a 
semiconductor substrate 1 1 3 through the reaction of a 
film forming gas composed of oxygen radical gas and 
organic silane gas, whereby a silicon oxide condensed 
film is formed on the semiconductor substrate 113. 
Then, nitrogen gas is made flow through the hollow 
structure of a substrate support 1 14 as oxygen radical 
keeps flowing, a tungsten flash lamp 127 and an 
ultraviolet lamp 128 are turned on (modification 
process), and the condensed film is thermally treated in 
an atmosphere of oxygen radical. One cycle of 

processes composed of a condensed film forming process and a modification process is 
repeatedly carried out a few times, whereby a silicon film which has a very small impurity 
content and film reduction and prescribed thickness (thick enough to fill up a groove 
completely) is formed. 
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LT(i. 15 (a) Wio^y'J^ylfi, 

3WBJSSfLfe^'j3^3S«*fflv^. 0*. 5 0 1li» 

^ hifc<0i»*g»JSSii3t««. 5 0 2, 5 0 4{i 3 FH* 

[00 58] mzxh •vTJ<.)VZf I 1 9, 12 0, 12 
5£H!S. Xh77^/12 15:Ktl,. =5r^*>. 

I I A^mmwzffit. zokt. m&sm 

ft 1 2 2t: J: Oa^'xcogia?: l . l l / m i nic$ij 

{4^-6 0'C^a^il, £fz. 14«- 
4 O'C. SSll 3(i-3 5 0 Ct^ai$n7c. 
[0059] h vyj^lVf 111 €rMV^T0 2 ^' 

xkoy i JA>i>tix*m%mm.fcm. 1 o 1 

OJi/jDVtfXlt, mUZ. g5i2 0 0cm3 /m 

1 nXm&ZtlhWm* 2 . 4 5GHz. 200Wat 
t<n^4 7nmz£*)WmZ*txmf8L-th. z\cr>m§X° 
X V >yTW7 109^^. 9t\,ZmLtzmWZ'~ 
fi<7)TEO S^'X^^XWtCRfEMl 0 1 fifc{£i£L 
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TE0S#XJ2 t * h y TV sVP^ 1 0 

9,11 ozmtz. 

[ o o 6 o ] us ( b ) izzcoxn (mmmm&n.m) 
TrntfLZtiimitisozxTymMm ( s i o, §n 5 0 

^2 0 mm. ffl&5 0 3<7)miSM<DmMm5 0 5(?)mZ 
ttftl8mmt*->fc. ;<0^*ti^ESm^m^ 
(SEM) (Cj:*t<0-C*4. 

[006 1] &(c05^/P£SiEL/t£*T\ Xb77 
1 19Zmt. Xh 12 1 £BB(tT# 

»s<nrv«xrxtMed*6 1 1 A^wmmz 

%trbbt>tz. ^ynf>75 7ya7yri2 7fc 

znfmmyvT\2szm~$-z> (autre) . £ft 

fcj:9» iSSSiilmse cJglrt&4 0 0XX:iS:9. 
(SiO, BS) 5 0 5 *»S«(:o5^3ffl 

[00 6 2] (SiO, JR) 50 5 

14, O^y^MakKiO^ift^iitSiOj Hk 

RJB LT#*»ft51irt»*$r if cO^-eMffi+tcHfl LX 
ZilX&.MZti& . 

[0063] WfeHB»jiD:SkiS«lB*-&i5-l^ 1 
-f 7>VX*m&X*% fcSiOj ROjRW* 5 0 1 fSftg<D?i 
JcSBT* 2 0 n mH „ «J^5 0 30«JKgPT'l 8 nmUT' 
* -5 fc . -T=5r^*> . 1 9 frT'BfR-t h JgHBttSft * 

[ o o 6 4 ] ±ie i -f -r ?/ut-^j£S*ii> s i o 2 ^ 

KffOSSttMJK, 1 Q0+r4 9)V&<7>®m±. 5 0 
l««<oai[£»T'2/im. ««5 0 3tf>iftg»Tl 0u 
mX°$> ~?tz. Ltii* i> . BrS&GKi: 5 fl-Cfc 0 . +#(CH 

ffl^jaataurc&^fc. 9oo*c^#ftj!rat:-t 
immmim 2 %x-$> 9 . -hh=«v 4tffl«*«r* 

•So i/S. ^Hi6f^lKXM^^^3x 1 0 9 dyn/ 
c m2 X'fo <0 . +4Hz{&^mff3%m.X't>& . 
[0065] J3LhiSAyt«»«Dg|«lSi:3E«XS*^ 
11M ?;U0Tn**£:ig&[lJ|ft9il-f Si: fcJ: 

tc«*>iit*ff$ ) Oi/'ja yBMfcIftWE&S$*i.4 <!£(:: 

[0066] *%M9HB(C J: War . ^SftCVDS 

Lfc^ot. iSTX^? hit^MSP (Bttit. &K?L) 

[0067] <xiz*mimm<v%mmiz^x^isiw-? 

&mj:mzii^xmm? f#>i>cr>iti?*) 
iz^m^^iuirm^ti^iz^xmmth. ±ie« 



IMBPJJDlStll ^>/t/s«»IRS' r</M * >9MMr 
(S I MS 3) tH^rt: ZVftmzliS i fci 

0 offed c , H a J £4(;:-£-£ fix ^$>z:b ifitofr-* 

[0 068] ZCDM&t LTfi. fmtfXX'h&TEO 

s^fxco^^x'^Km^+^zmt-r. r^ivm 
(c n h d ) tm^^tL^itmmt<mz\^tzzt. 

-rs #xtfwa Lxm*izm*)&£tiz t 

[0 06 9] ZCOZtte. «ttiifW|«t:7-yx 

saft**MHfcffiTW^.rt>, si-cH 3 , si-c 2 
[0070] z\ixt>T)v*)vm*mz-$-&tz&>i<z&mk 
%b-h. mmyist/uz&fo ■ mte-tzmmizzmmz 

*m*ffi.LXmm7¥*)l'<Db*b£:<mMlzLX-?4 

7umcm.&tzxx. *.m7'j*ji>zm. tmmi 0 
1 tr l-t-f rjuxm^&MztvfiimMimzM 

TFT- I RcO^tiS^HXX^^ S I MStC 

[0 07 1 ] ^WiiJ:oa*tj:^i:#i.^iiS. 

nmtm^zk hh^ xwmmnfet x—mzfcm? v 

[0072] ^^^/WiffiftTSStt-C. S i -C„ 
H. cO^^Si:, Si-C^lfyKWyt-ya 

yUSi^y/'jy^yHtCH 4 *>J:tfc 2 h 

[0073] Cix^O-(t-^)(4^^E^^c7)T\ »HB 
M+^tSSSct. *iB*»^*ffi+fc:l8aiLT*ltK+*»6 

m2<?mmm) H6f4. *^o^2^sim^^ 
h« mi<?>8mcvDmw:titim-t&®4Hztem 
[0074] *m$mmco®mc v d^b*^ 1 ^hjs 

X'Z&Zt izfr h . Bl^7 ^^(jftHBB 1 0 1 Cfttft 

-r^^O^tt^K^l 0 7(4. -y7Vs'^y 1 1 
lt^UU^^h^vr (Mffiff) 7 0 1C0-S 
izmWiZtlX^Z. Cc7)h5 /T7 0 1(4. ?Sf*:M^7 
0 3#3&a$ft.T^i,&Jgx.i-7Jfl57 0 2 |*|(ClR^i» 
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a. 

[00753 h7 77-7 0 1 cOfflffilZX b v7W77 

tixn*). st 7 o 5oi4>tij7^ ^nssii^iei 

■ftzih^x h'f^ 705 tfmmZtlX . fctJ . 7 

[00 7 6] *£S©B!BTHU ^cta=5rh7 777 0 
1. &JSr.*- , 7«i7 0 2. ^tt'f^ 7 0 5^iO 

tcjL-. y ht^d ) aqsRRwva^. 06^ 

[0077] ^C*^it^®CO«mCVD^a^fflU^ 

h v7W7 11 1 £H§t, X h >y?rt}V77 0 0,7 
0 4£Hi§#. IE1 : 7 0 6(;:5iLft..g>O 2 #.x<7)e£fi£0^ 
L&V^fiSiEfiff-fcri 0 2 0 0 c c/m i nMt£5£-f £ 
fckttc, ^h'f^ 7 0 5$ria^fS:2. 4 5 GHz. 

wjj2 o owa t tizximzitx-rj ?nnmmzm 

[0078] z<7)ms?is#Miimmm&m£Z'}$£i 
ztiti h7-y77oi tzxwgkmzmmzti. b ? -y ? 
7 o i mzi^m<Dmmy ; J^)ut>mt t>tiz,. 

h77/70 itli7^;«t^t« (o 2 , o 
3 ) hWt^tlh. 

[0079] mz^m^r A-7JIS7 0 2 £T(fT. 
KlOse c&T) TSfjeoil* ( 2 O'Cl^T) £T 
b 7 y 7-7 0 l ffl«_h#*«avvSflg!<?5ia(i^ 

[0 0 80] mzxV v7°^)V77 oo*m#>x, by 
777 0lF*3«ff^^ BFfa«0BE7J^-5^4>. X 

si* (o 2 . o 3 ) xxzimmi oiwzm&* 

[0 08 1] ZZX\ Xb yT^lVn 1 10i<iO 
N5777 0 2rt«fEfjlt MS. lOTorrOTt 

fiSMl 0 io»Jtffi#BiURa t tt»L$:v*«H 

[ 0 0 8 2 ] ifc. *«KWBBR5^/^A. 

(O, . 0 3 ) #X^)SJIil 0 lfc*A"*-**>f 5^ 

^ti. miommmmoztitmuz^h. mmm&fc 
xmx'mmmco&myi/Ajuzm^zzbizxy). wis 

^7 y<7)g«8tt#&#£iT.a i t £W32 Lfc. %tltz S 
iO z «W^teft^W*ff^rofc*g«. C, H^tfi 
ti«Sat:^*<. flrtt&^ti. CttatmX. HJiS 

IMSX's^y 7 fyybv^ivx'hifz. £tz. KSI 
&Ti*iM<ai8*5^;&/l'£JSv*&£fcicJ:»K Si 

o 2 m*<7)c, Hmg.zzhizi&ffiz'Z&ztzmtzL 

tz. 



i%h^ftmw<vmm*m2?ik-tT.mmmmx'$>z>. z 

[0083] H7 (a) (CScT J; 5 y'Jny 
S«8 0 l±W!HWfcifeft:J:9]I*0. 2^mc7)SiO 

2 i802 zmm-h . iwcisjn ( a ) t^-r J: a 
M-i%si-o. 2m'%<?>%mffikzm^xs i o 

2 §18 0 21CA 1 y8 0 3 

S. Al - y 8 0 3 Oft/hEttliM: 0 . 2 

//m. S^:iEllifi{i2jt/mTS)0. fc/kv^-xtiO. 
1 ^X^-XCD^i 1 OfJLmX'hZ. Ltzff 

[0084] &(w|5]0 ( a ) K^rri 5 tc. iisor^ 

x-?cvDmzm^x3m£fcm-t?>fziibcr>m2o. o 

5 — 0. Umtg^SiO z M8 0 4^ICMt 
&(c07 (b),H7(c) ^-Ti 0 gtlO 

useesR^ntfto t . wmm&anb sans* 

il*9iILT. ff£0. 7/zm<7)Si0 2 J!805£:£ffi 
[0085] 07 (b)ttSiO, I805^)M^ 

oBnaa-c* o . 07 ( c ) ii.$Em&e>mwmx'h&. 

07(c) A^ilCST^? hJtO^-y#« 
LT l> . tf-f H ifj£8to>& S i 0 2 M8 0 5 am. 

[0086] ttz. s i o 2 ms o 5+<^««w>ae 

*. IXbUXli. mi<0Hifi®®^-eflt(i^|3I^-C 
St®IgOi^aaS{i:5 0 0°CJilT 

[0087] 4fc. K®XgT\ TKfSt^S^l^fflWC 

mmi<mw<mvtff$ito o tztzvx'$> h<nx\ mm- 
mztvrzt£jfkx'$>z>. zcDirmizx o . a i ^lasia 

X^-A0. 1-2/im, A l^ffiHc7)Mi?0. 4 — 
1. 0/im<0i*RSrfflV^T. «HiK**ftiitffc. fbfc 
7^^? hit ( = A 1 -&±m%c0BM/A 1 ^iEiH^ 
O^-^) * { 1 0^-e r^j t>*< 3 Ffit:«jitfifc 

[0088]^. *SHHt4±a U^HIBgJBfciBRSS 
<x-StWT'{i=5rV^ Mitf. ±ie^M^©T'{4. o 2 ^ 

jmiziVOyzSt/UZmiZltXltBk^. 
[0 089]^U(f. (0 3 ) fefflV^TfcJlV^ 

o 3 +o 2 T05^ij64tftK 

T-J)-!.. i<7)09> r Xr;W4JJE0 5>'*Xr/l'i:H«fc: 3 P 
[ 0 0 9 0 ] Zcr> 3 p ^c7)0 5 ^'^;Ki±fcJE^c7)?l 
9m.cDm=f-X^y<7)^Mi3 i (up, up)it«(do 
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wn, down) (iOi^Mt^l>)tft. 
[009lUut. 0 3 ^SLt0 7y*;^Ht 

i'HR^iR^tr y<oW (up, down) to^rtc; 

^;PSrf^4Cfc3&WC. 0 3 SrOv^'^aSi: 

C0 2 tfhWtztih. ifc. O^^tH^y*^ 

[ 0 0 9 2 ] ifc. ±ISHJfe^T'{±. jSBttTOi: LT 
T E O S £fflV ^«^toi>tl»!li Lfcfl&*yfir»5' 5 >- 

(Si (OCH3 ) 4 , TMOS) , "rbyX+lVSsy 

y (Si (ch 3 ) 4 . tms), fb7^f;i/y7y 

( TM S ) ZtfM&XimT*, 0 . ifcT o r r O^S^ 
[0 0 9 3] 

[nil *mi<om 1 tfDH«jBSRfc:ffi & «fac vd^i 

[02] ^^Xfy???^*?^^"^:! 
[03] 01<O*fflCVD§SB^TEOS0>#.Xttte» 
[04] TEOS#*<0^^£i»Pi?-**:«>*>4M 

[05] 1 <7>mm&mizi%h ^ v a >mim 

[06] #SKHtf>JI5 2 <9£t&g«£tt* KttC VDgl 

[07] *wncDm3comm&mizi&&*mftgimnm 
^m^-txmmmm 

1 0 1-j£RS 

1 0 

10 3-i^O 
1 0 4-JBEbft 

1 0 s-miwxwmm 
1 0 e-^2(D^x^m f s 

1 0 7-JB3<O^ft»S« 



io8-as4^^ttttii« 

I 0 9-ah7TA';l/r 

I I o-ab^rw 

1 1 1 — X V 'yTJ^)Vr 
1 1 2~XYv7^)V~f 

1 1 

1 i4-s«Qd«6 
1 1 5-mm*fxmxwm 

1 1 6 -mttM3&S*P& 

1 1 

1 1 8-mmzfz.vMBm 

1 1 9-ah'yrA>7* 
1 2 

1 2 l-Xh-y7°AyU:/ 

12 2-**8HHH- 

1 23-Zjlst 

1 2 4-E^lff- 

1 2 5-ah7^^/ 

1 2 6-5388 

i2i-^yyxy-yy=7v^jLyyy m±y>y°) 
1 28 •■ mmyyr 

129-fcM$.7- 

30 i-TEost;y<. 
3 0 2-ifxgm 

3 0 3-3§l<9#Xjg#> 
3 0 4--^2^X®i6 

306 -t— * 

308 — h— * 

3 1 0 -flfll/'to:/ 

3 1 l-fl-st^r 

3 1 2-ffi^H" 
313-£E^fh 

5 0 1 -itTX^? h Jfctf)itjWBjSS*ufc«« 

5 0 bit<om&Bf8.ztvfiimm 

5 0 4-¥ffl*«« 

70i-b??r 

7 0 2-^«XA-y«i 
7 0 3-«Kfc2* 
7 0 4-Xh-yr/NVl/T" 
7 0 5-^t*f^ 

7 06 -H^ 

80 1-y'j3yl|j 

8 0 2-JMWkS i0 2 M 
8 0 3— A 1 

804-/7X7CVDSiO 2 H 
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